Introduction
The discovery of colossal magnetic resistance (CMR) and the magnetocaloric effect (MCE) in mixed-valency manganese oxides Tr 1Àx M x MnO 3 (where Tr stands for a trivalent rare-earth element such as Sm, Pr, La, Nd, etc., and M for a divalent alkaline earth ion such as Ba, Ca, Pb and Sr) close to their paramagnetic semiconductor (PM-Sc) to ferromagnetic metal (FMM) transition temperatures has attracted much attention due to their extraordinary magnetic and electronic properties as well as their promise for the potential technological applications.
1,2 The parent compound, TrMnO 3 is a charge-transfer (CT) insulator with trivalent manganese ions in different layers coupled antiferromagnetically among themselves through a superexchange mechanism. However, within a layer, these Mn 3+ ions are coupled ferromagnetically. [ e 0 g , S ¼ 3/2) creating holes in the e g band. 3 The holes permit charge transfer in the e g state which is highly hybridized with the oxygen 2p state. Due to the intraatomic Hund's rule, this charge transfer induces a ferromagnetic coupling between Mn 3+ and Mn 4+ ions which in turn has a dramatic effect on the electrical conductivity. 4, 5 This doubleexchange (DE) model originally proposed by Zener 6 has been the most prominent underlying physics that describes the simultaneous occurrence of transition from paramagnetic semiconductor to ferromagnetic metal for most hole-doped manganites. The perovskite structure generally shows lattice distortion as a modication from the idea cubic structure to orthorhombic or rhombohedric structure mainly due to JahnTeller (JT) effect causing the deformation of the MnO 6 octahedron. Therefore, to understand better the relation between semiconductor-metal transition and CMR effect, two important questions about PM-FM transition should be claried: one is the order of phase transition; the other is the common universality class. To make these issues clear, it is necessary to investigate in details the critical exponents at the region of the PM-FM transition. The analysis of the critical exponents in the vicinity of the magnetic phase transition is a powerful tool to investigate in details the mechanisms of the magnetic interaction responsible for the transition 7, 8 in earlier theoretical works, the critical behaviour related to the PM to FM transition in manganites within the double exchange (DE) model was described in the framework of long range mean eld theory. 9 However, recent theoretical calculations have predicted that the critical exponents in manganites are in agreement with a short range exchange interaction model. 10, 11 Claiming the essential validity of the DE model, Motome and Furukawa 12 argue, based on computational studies for DE models, that the PM-FM transition in these doped ferromagnetic manganites should belong to the short-range Heisenberg universality class.
12,13
Moreover, a few relevant experimental investigations on the critical phenomena also supported this viewpoint due to the obtained value of the critical exponents consistently with that in the conventional ferromagnet of 3D-Heisenberg model. 15 In the contrary, a very low critical exponent of b ¼ 0.14 identied in the single crystal La 0.7 Ca 0.3 MnO 3 suggested that the PM-FM transition in this system is of rst order rather than second order. 16 Therefore, in view of the varied critical exponent b from 0.1 to 0.5, currently, four kinds of different theoretical models, mean-eld (b ¼ 0.5), 3D-Heisenberg (b ¼ 0.365), 3D-Ising (b ¼ 0.325) and tricritical mean eld (b ¼ 0.25) were used to explain the critical properties in manganites. Due to the divergence in these reported critical values, it is worthwhile to study the critical behavior in the same perovskite manganites. Due to the divergence in these reported critical values, it is worthwhile to study the critical behavior in the same perovskite manganites. In this paper, we present a detailed study of structural, magnetic, magnetocaloric and the critical phenomena in La 0.7 Ba 0.2 Ca 0.1 Mn 1Àx Al x O 3 (0 # x # 0.1), using the isothermal magnetization around T c .
Experiment
The doped perovskite manganites La 0.7 Ba 0.2 Ca 0.1 Mn 1Àx Al x O 3 (0 # x # 0.1) were prepared by sol-gel technique using metal nitrates as starting materials. In this method, the stoichiometric amounts of metal nitrates in the form of solution were converted into citrates and pH was adjusted between 6.5 and 7. Aer getting a sol on slow evaporation, a gelating reagent, ethylene glycol was added and heated between 150 C and 180 C to get a gel. This solution on further heating yields a dry uffy porous mass, which was calcined at 650 C for 10 h. Then the powder was pressed into pellets and nally sintered in air at 900 C for 12 h.
The structure and purity phase of the samples were checked at room temperature by means of X-ray powder diffraction (XRD) using CuKa radiation (l ¼ 1.5406Å). The data collection was performed by step-scan modes, in a 2q range between 20 and 92 with step-size of 0.017 and step time of 18 s. The structural parameters were obtained by tting the experimental data of XRD using the Rietveld structural renement program FULLPROF so-ware (Version 1.9c-May 2001-LLB-JRC).
17
Magnetic measurements were performed by using BS1 and BS2 magnetometer developed in Louis Neel Laboratory at Grenoble. Magnetization (M) vs. magnetic eld (m 0 H), varying from 0 to 5 T at different temperatures (T), was measured by magnetometer. For the studies, the isothermal M vs. m 0 H is corrected by a standard procedure from low eld dc magnetization measurements. In fact, the internal eld used for the scaling analysis has been corrected for demagnetization,
where D a is the demagnetization factor obtained from M vs. H measurements in the low-eld linear-response regime at a low temperature.
Results and discussion
The results of X-ray diffraction indicate that all samples are single-phase perovskite manganites. Fig. 1 
18)
). This was conrmed by the determination by Rietveld renement of (Mn/Al)-O distance calculated from the structural parameters (see Table 1 ). The tilting of the octahedra can also be realized looking the . Oxide based manganite compounds have a perovskite structure if their tolerance factor lies in the limits of 0.75 < t < 1 and in an ideal case the value must be equal to unity. As the calculated values of all the samples of the present investigation are within range (Table 1) , one may conclude that they might be having a stable perovskite structure. The rhombohedral distortion may be viewed as a rotation of the octahedral around the three-fold axis by an angle u from the ideal perovskite position. This rotation describes the buckling of the MnO 6 octahedra caused by ionic radii mismatch between A and B cations. The angle of rotation u may be calculated from the oxygen position using u ¼ arctan(O3 À xO12). 19 The values obtained are 7.52, 8.61 and 9.84 for x ¼ 0, 0.05 and 0.10, respectively, indicating large distortions for all the compositions. For regular Mn coordination octahedra the relation between u and superexchange (Mn, Al)-O-(Mn, Al) bond angle is given by cos q ¼ (1 À 4 cos 2 u)/3. 20 Using the values of u, we obtain a reasonable agreement with that obtained from renement ( Table 1) Table 2 . These results are very close to the nominal ones within the experimental uncertainties and, since no secondary phases are seen in the XRD patterns, it is reasonable to assume that aluminium has been substituted for Mn in these samples. The inset of Fig. 2 shows the scanning electron microscopy (SEM) photograph for the La 0.7 Ba 0.2 Ca 0.1 -Mn 1Àx Al x O 3 (0 # x # 0.1) samples. The average calculated crystallite size value is given in Table 1 . Obviously, the particle sizes D MEB observed by SEM are much larger than those calculated S G (nm) by XRD, which indicates that each particle observed by SEM consists of several crystallites.
In order to study the aluminum effect on the magnetic properties, magnetization variation vs. temperature under an applied magnetic eld of 0.05 T is measured and reported in 3 . This curves reveal that all samples exhibit a ferromagnetic-paramagnetic transition occurring at the Curie temperature (T C ) when increasing temperature. The evolution of dM/dT versus temperature (T) is reported in the inset of Fig. 3 . The values of the Curie temperature T C decreases from 350 K to 300 K when the continent x increases. Similar to the previous studies, Table 3 , experimental values of temperature T C , the Curie-Weiss temperature q CW , the theoretical (m theo eff.tot ) and experimental (m exp eff ) values of effective magnetic moment, obtained for all the samples are given. Generally, the difference between T C and q CW depends on the substance and it is associated with presence of short-range ordered slightly above T C , which may be related to the presence of a magnetic inhomogeneity. As seen in Table 3 , q CW is positive and decreases with x and thus follows the same trend of T C . The positive value of q CW indicates the ferromagnetic interaction between spins. In our case, small difference between the experimental m 
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The measured saturation moments expressed in Bohr magneton is given by: This suggests that the decrease of magnetization with the increase of (Al) content is not only due to the dilution of magnetic Mn 4+ atoms but also due to the weakening of exchange coupling by the cluster formation. The isothermal magnetization curves around T C versus the external magnetic eld up to 5 T are shown in Fig. 5 The magnetocaloric effect (MCE) is an intrinsic property of magnetic materials. It is the response of the material to the application or removal of magnetic eld, which is maximized when the material is near its magnetic ordering temperature (Curie temperature T C ).
The isothermal magnetic entropy change DS M (T), which is associated with the magnetocaloric effect, can be calculated from the measurements of magnetization as a function of applied magnetic eld and temperature. According to the classical thermodynamics theory, the change in the magnetic entropy produced by varying the magnetic eld from zero to m 0 H is given by: 
The magnetic entropy change can be rewritten as follows:
In order to evaluate the MCE, the changes of magnetic entropy DS M (T) upon application of magnetic elds from the isothermal M-m 0 H curve can be numerically calculated using eqn (6) . By using a program carried out in our laboratory based on eqn (6), we have determined magnetic entropy change (ÀDS M ) for different applied magnetic eld change intervals as seen in ) , which is a characteristic property of simple ferromagnets due to the efficient ordering of magnetic spins at the temperature induced by magnetic eld. 29 The magnitude of (ÀDS M (T)) for all samples increases with increasing the applied magnetic eld. For example the different curves of the magnetic entropy change for all our synthesized polycrystalline samples as a function of temperature under 5 T, show that the maximum magnetic-entropy value decreases from 5.8 J kg À1 K À1 for x ¼ 0.00 to 4.85 J kg À1 K À1 for x ¼ 0.10 near their respective T C . Guo et al. 30 indicated that the large magnetic entropy change in perovskite manganites could originate from the spin-lattice coupling in the magnetic ordering process. Strong coupling between spin and lattice is corroborated by the observed signicant lattice changes accompanying magnetic transition in perovskite manganites. 31 The lattice structural change in the Mn-O bond distance as well as in the hMn-O-Mni bond angle would in turn favor the spin ordering. Thus a more abrupt variation of magnetization near Curie temperature (T C ) occurs, resulting in a large magnetic entropy change as a large MCE. It should be noted that (ÀDS max M ) is not the only parameter deciding about an applicability of material. There is a demand for materials which can transport heat at a relatively large temperature difference between the cold and the hot sinks in the ideal refrigeration cycle. This feature is accounted for by the full width at half maximum dT FWHM of the (ÀDS max M ) curve. Then, the amount of transferred heat may be estimated for an ideal refrigeration cycle by the so-called relative cooling power (RCP) dened by:
where dT FWHM is full width at half maximum of magnetic entropy change curve and DS A comparison between, the maximum magnetic entropy change, the Curie temperature and the relative magnetic cooling efficiency of several manganese perovskites which could be used for room temperature magnetic refrigerators is summarized in Table 4 . It is well known that the critical exponents are not dened for rst-order transition because the magnetic eld can shi the transition, leading to a eld-dependent phase boundary T C (m 0 H). 33 According to the scaling hypothesis, a second-order phase transition near the Curie point T C is characterized by a set of interrelated critical exponents, g (relevant to the initial magnetic susceptibility c 0 , c 0 À1 ðTÞ ¼ lim
ðH=MÞ just above T C ), d (associated with the critical magnetization isotherm at T C ) and b (associated with the spontaneous magnetization M S ðTÞ ¼ lim
M just below T C ). Mathematically, these critical exponents are obtained, from magnetization measurements through the following asymptotic relations: The mean eld approximation can be generalized to the socalled modied Arrott plot (MAP) expression, based on the Arrott-Koakes equation of state
where a and b are considered to be constants. Fig. 7(c) .
We choose the best model which gave straight lines and nearly parallel in the region of high eld.
All curves yield quasi straight lines in the high-eld region. To compare these results, we calculated the so-called relative slope (RS) dened at the critical point as RS ¼ S(T)/S(T c ). Since the MAP is a series of parallel lines, the RS of the most satisfactory model should be close to 1 (unity). The RS vs. T (x ¼ 0.1) for the three models are shown in Fig. 7(d) . One can see in this gure that the tricritical model is the best one for the determination of the critical exponents for x ¼ 0.1 sample. The high eld straight line portions of the isotherms in Fig. 7 (Fig. 8) . Obviously, the obtained values of the critical exponents and T C using the KF method are in agreement with that using the modied Arrott plot of tricritical model. The values of d were obtained by plotting the critical isotherm at T C . In Fig. 9 the M vs. m 0 H curve at 300 K was chosen as the critical isotherm based on the previous discussion. The inset of Fig. 9 shows the same curve M vs. m 0 H on a log-log scale. The solid straight line with a slope 1/d is the tting result by using eqn (10) . From the linear t, we obtained the third critical exponent d ¼ 5.06 for x ¼ 0.1 (Table 5 ). According to statistical theory, these three critical exponents must fulll the Widom scaling relation:
Using the above determined values of b and g, eqn (12) yields d ¼ 5.176 (x ¼ 0.1) for b and g evaluated according to Fig. 9 . Thus the critical exponents found in this study obey the Widom scaling relation remarkably well. In the critical region, the magnetic equation of state is given by:
where f + for T > T C and f À for T < T C are regular analytic functions. Eqn (13) implies that M/3 b vs. H/3 b+g yields two universal curves, one for temperature below T C and the other for temperature above T C . Fig. 10 shows plot of M|3| Àb vs. H|3|
À(b+g)
for (x ¼ 0.1) using the values of b, g and d obtained by the KF method. It can be clearly seen that all the points fall two curves, one for T < T C another one T > T C . This suggests that the value of the exponents and T c are reasonably accurate. The obtained critical exponents of La 0.7 Ba 0.2 Ca 0.1 Mn 1Àx Al x O 3 (0 < x < 0.1) (present work) and the theoretical values of different theoretic models, are listed in Table 5 for comparison. The values of the critical parameters depend on the range of the exchange interaction J(r). Fisher et al. 38 have performed a renormalization group analysis of systems with an exchange interaction of the form J(r) ¼ 1/r d+s (d is the dimension of the system; s is the range of the interaction). If s is greater than two, the Heisenberg framework is valid for a 3D-isotropic ferromagnet. However, if s < 3/2, it is the mean eld framework, which is valid. In the intermediate range of 3/2 # s # 2 the FM behaviour belongs to different universality classes depending on s.
Conclusion
In summary, we have investigated the structure, magnetic and magnetocaloric properties of perovskite La 0. 
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